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Description 

METHOD OF TYING TWO OR MORE 
COMPONENTS TOGETHER 

Cross Reference to Related Applications 

[0001] The present application claims the benefit of United States 
Provisional Application No. 60/428,916 filed 26 Novem- 
ber 2002, the disclosure of which is expressly incorpo- 
rated herein by reference in its entirety. 
Background of Invention 

Technical Field 

[0002] Th e present invention relates to a method of tying two or 
more components together by means of a fastener. 

[0003] such a method can be used for the manufacture of a 
number of products; hereafter, examples will be de- 
scribed, and that are intend to in no way be restrictive 
with respect to the invention, as to how the method can 
be applied in order to tie a number of components to- 
gether in a way that those components form a cohesive 



and self-supporting construction with a view toward join- 
ing the components together in an additional way, for ex- 
ample by soldering, at a subsequent stage of manufac- 
ture. 
Background 

[0004] | n t he aircraft industry, for example, there is a need to 
join various components, such as plates or panels, to- 
gether by soldering and other appropriate tying methods, 
for the manufacture of various articles (constructions). In 
order to facilitate the soldering of a number of plates, the 
components must be fixed in relation to one another dur- 
ing the soldering phase. A fixture, or a so-called solder- 
ing jig, can be used for this purpose. If the construction 
comprises (includes, but is not limited to) a large number 
of components, however, or if the construction has a 
complex geometry, great demands will be placed on the 
design of the soldering jig. In addition to the fact that the 
complexity of the soldering jig leads to high production 
costs, it will also often be difficult to handle at the solder- 
ing stage. 

[0005] one way of dispensing with the use of a soldering jig is to 
instead preassemble the plates or components into a self- 
supporting construction prior to soldering. Such pre- 



assembly can be achieved by welding or riveting the com- 
ponents together. When using brittle materials, however, 
such as intermetallic alloys, for example TiAl, NiAl and 
FeAl, conventional soldering, welding and riveting can 
have an adverse effect on the material and on the charac- 
teristics of the finished product, due to the occurrence of 
cracking. 

[0006] For TIG and EB welding of intermetallic alloys, a compli- 
cated preheating and/or postheating of parts of the con- 
struction, or the entire construction are required in order 
to avoid cracking and/or expansion in the weld seam or 
the parent material as a result of large temperature gradi- 
ents. Both the process and the equipment needed to carry 
out such heat treatments are expensive. 

[0007] Conventional hot-riveting can also lead to large tempera- 
ture gradients in the construction that results in cracking. 
Furthermore, riveting with rivets made of conventional 
material, such as IN600 or the like, can lead to thermal 
fatigue cracking due to large differences in the coefficient 
of thermal expansion between the material in the rivet 
and the material in the components made from inter- 
metallic compounds that are to be riveted together. At 
higher temperatures, differences in the thermal expansion 



of the materials will have an effect on the force with which 
the rivet holds the components together. If the rivet has a 
higher coefficient of thermal expansion than the compo- 
nents that are held together by the rivet, at higher tem- 
perature, the force with which the components are held 
together will be reduced. In addition, alloys of different 
composition in rivets and plates lead to the formation of 
undesirable brittle phases in the material closest to the 
rivet hole during subsequent soldering of the compo- 
nents, for example. 
Summary of Invention 

[0008] An object of the present invention is to provide a method 
of the type described in the BACKGROUND above and in 
which at least one of the aforementioned disadvantages of 
known relevant tying methods is substantially mitigated. 
That is to say, an object of the invention is to provide a 
method of tying components together by means of a fas- 
tener, by which method even particularly brittle materials 
can be tied together without undue adverse effects on the 
material in the form of cracking or the formation of unde- 
sirable brittle phases in the material. 

[0009] According to the invention, this object is achieved at least 
in part by the fastener being essentially heated only dur- 



ing the deformation phase of the fastener. This minimizes 
the heat transfer from the fastener to the components 
that are to be tied together. Heat only has to be supplied 
to the fastener and only to the extent needed to deform 
the fastener to the required degree under the relevant 
load. This in turn means that the components to be so 
tied together can be kept at a relatively low temperature, 
without large temperature gradients, and that the charac- 
teristics of the material of the components can remain 
largely unaffected during tying. In this way, it is also pos- 
sible to make efficient use of the quantity of energy used 
for tying purposes. 

[0010] An important advantage of the present inventive method 
is that it is possible to use non-preheated components 
and non-preheated fasteners in the tying process. Prior to 
tying, the components and the fastener may be at ambient 
temperature, such as normal room temperature, or a tem- 
perature close thereto. This makes it possible to dispense 
with costly processes and devices previously required for 
the heat treatment of components prior to and/or after 
tying, while the tying process can be carried out without 
significant adverse effects on the components. 

[0011] | n a preferred embodiment of the inventive method, the 



fastener is first pressure-loaded and then heated while 
the pressure loading is maintained. In this way the initia- 
tion of the fastener deformation sequence can be con- 
trolled with the supply of heat to the fastener. Exemplar- 
ily, the heat can be suitably applied or obtained by pass- 
ing an electrical current through the fastener. The use of 
electrical current for transferring to, or generating heat 
the fastener has the advantage that it is relatively easy to 
control; that is to say, the strength of the current and the 
time for which the current must flow through the fastener 
can be adjusted to the relevant material and dimensional 
parameters of the construction in order to produce the re- 
quired heating. 

[0012] | n a further preferred embodiment of the invention, the 
fastener is pressure-loaded by means of a tool, and after 
deformation of the fastener, the mechanical contact be- 
tween the pressure loading tool and the fastener is main- 
tained to allow cooling of the fastener through the trans- 
fer of heat from the fastener to the pressure loading tool. 
The excess heat present in the deformed fastener can 
thereby largely be absorbed by the pressure loading tool, 
which can be cooled in order to promote such heat trans- 
fer, and the undesirable transfer of heat to the compo- 



nents being tied by the fastener can in this way be further 
reduced. 

[0013] a suitable tool for carrying out the tying together of com- 
ponents according to the teachings of the invention is a 
combined pressure loading and heating tool that has two 
electrodes. The fastener is placed between the two elec- 
trodes, and via the electrodes, a pressure is applied to the 
fastener while heat is generated in, or delivered to the 
fastener by an electrical current flowing between the elec- 
trodes during the fastener deformation phase. Heat can 
furthermore be dissipated from the fastener following the 
deformation phase by the electrodes having a lower tem- 
perature than the fastener and remaining in contact 
therewith. 

[0014] The invention also relates to a rivet made from an inter- 
metallic alloy for tying together two or more components 
made from intermetallic alloys. 

[0015] The invention further relates to an aircraft component 

manufactured using the presently disclosed method(s) in 
which a product having two or more intermetallic alloy 
components is joined together by soldering and which has 
one or more intermetallic alloy rivetings. The product is 
derived from a tying of the component-parts by means of 



the present inventive method prior to the soldering to- 
gether of the components. The pre-tying together of the 
components is performed in order to keep the parts sub- 
stantially fixed with respect to one another during the 
soldering process. The use of a inventive method can be 
utilized in order to create at least a temporary tying of 
one or more components thereby forming a unit that en- 
ables the performance of a subsequent treatment such as 

soldering of the unit, for example. 
Brief Description of Drawings 

[0016] Preferred embodiments of the invention will be described 
below, by way of example, and with reference to accom- 
panying drawings in which: 

[0017] pig. 1 is a schematic cross-sectional view illustrating how 
a fastener for tying two components together is pressure- 
loaded by means of two electrodes; 

[0018] pig. 2 is a schematic cross-sectional view corresponding 
to Fig. 1, and illustrating a voltage being applied over the 
fastener to facilitate deformation of the fastener; 

[0019] Fig. 3 is a schematic cross-sectional view corresponding 
to Fig. 1, and illustrating, after removal of the voltage de- 
formation of the fastener has been effected, while main- 
taining contact between the fastener and the electrodes; 



and 

[0020] pig. 4 is a schematic side view of three different examples 
of fasteners for use in the method of the presently dis- 
closed invention. 
Detailed Description 

[0021] The inventive method of the present invention will now be 
described in more detail with reference to Figs. 1-4. 
Therein, two or more components 1, 2 that are to be tied 
together are provided with a through hole (one in each 
component) and the components 1, 2 are positioned so 
that the holes in the components overlap one another in 
order to receive a fastener 3 in (through) the apertures. 
The fastener 3 has longitudinal extent (a length) exceed- 
ing the total thickness of the components 1, 2, so that a 
part 4 of the fastener protrudes outside the holes and the 
components, and the fastener 3 is thus exposed for de- 
formation; that is, for being compressed towards the 
nearest component 1, 2 with simultaneous expansion of 
the cross-section of a part or portion 4 of the fastener 3. 
The fastener 3, after being placed in the holes, is me- 
chanically pressure-loaded and heated in order to deform 
the fastener 3 as shown in the series of Figs. 1-2 thereby 
tying the components 1, 2 together. 



[0022] | n the method according to invention, the fastener 3 is 
heated essentially only during the fastener deformation 
phase in order to minimize the heat transfer from the fas- 
tener 3 to the components 1, 2 to be tied. The expression 
"essentially only during the fastener deformation phase" is 
utilized to signify that heat is not supplied before or after 
the deformation of the fastener in order to produce the 
tie. The fastener 3 is therefore not preheated when being 
placed in the holes in the components and no preheating 
in the conventional sense occurs prior to the deformation 
phase. Further, nor do the components 1, 2 need to be 
preheated. As will be apparent from the following de- 
scription, however, a certain heat transfer to the fastener 
3 may occur prior to deformation, owing to the fact that 
the deformation does not occur instantaneously when 
heat is supplied to the fastener, but a certain delay can 
occur between the supplying or generation of heat and 
deformation. Similarly, a certain amount of heating can 
occur just after deformation due to hysteresis in the sys- 
tem. The aim, however, is to minimize heat transfer to the 
fastener 3 and hence to the components 1, 2 after defor- 
mation of the fastener has been carried out. 

[0023] pig. 1 shows how a rivet 3 for tying two plates 1, 2 to- 



gether is loaded. A load, F, that is sufficient to deform the 
rivet 3, in the hot state, is applied to the fastener 3 by, for 
example, two moving electrodes 5, 6 that create a com- 
bined pressure loading and heating tool 7. The two elec- 
trodes 5, 6, are oriented in a straight line relative to one 
another and move towards one another with the rivet 3 
arranged therebetween. One of the electrodes 5 can be 
suitably fixed and accommodate a headed end 8 of the 
rivet 3, for example, while the other electrode 6 is de- 
signed for rectilinear movement towards (and away from) 
the other end 9 of the rivet and the first electrode 5. Al- 
ternatively, both electrodes 5, 6 can be designed for recti- 
linear movement. 
[0024] pig. 2 shows how in a subsequent stage, by means of a 

voltage source 15, an electrical voltage is applied over the 
electrodes 5, 6 and thereby over the rivet 3. This involves 
passing a current through the pressure-loaded rivet 3 so 
that the rivet is heated, with the result that the rivet 3 is 
deformed due to the pressure loading and the increased 
temperature of the rivet. Following, the current is immedi- 
ately withdrawn and the heat supply (generation) to the 
rivet 3 ceases. Due to the fact that a certain delay can oc- 
cur between the application of current and the generation 



of heat in the rivet 3, the current supply may in certain 
cases have to be cut off before complete deformation has 
occurred in order to avoid undue heating of the rivet 3. 
The current strength and the duration of the current are 
naturally adjusted to the different conditions prevailing 
during the actual riveting operation; such conditions in- 
cluding the dimensions and material of the rivet 3, which 
in turn depend on the material and dimensions of the 
plates 1, 2. The duration of the current exemplarily ranges 
from fractions of a second, up to about one second. With 
regard to the voltage source 15, it is possible to use both 
an alternating current voltage source or a direct current 
voltage source in order to generate the required current. 
[0025] Thereafter, as shown in Fig. 3, the load on the rivet 3 can 
be maintained, or at least the mechanical contact between 
the electrodes 5, 6 and rivet 3 can be maintained even if 
the load, F, is reduced or removed in order to cool the 
rivet 3. The electrodes 5, 6, can absorb any excess heat in 
the rivet 3 by transfer to the electrodes rather than to the 
plates 1, 2 being tied together by the rivet 3. It is advan- 
tageous, however, in order to prevent cracking, that the 
load be maintained during the cooling process. Such cool- 
ing of the rivet 3 is typically completed in one to a few 



seconds. In order to facilitate the transfer of heat from the 
rivet 3 to the pressure loading tool 7 after deformation of 
the rivet 3, the pressure loading tool 7 can be cooled by 
means of conventional equipment. The method, or at least 
the heating of the fastener 3, is suitably performed in an 
atmosphere containing an inert gas in order to minimize 
oxidation of the fastener 3 and/or the components 1, 2. 
In practice, this will to some degree require that the com- 
ponents 1, 2 to be tied together also be placed in such an 
atmosphere. 

[0026] After deformation, that is to say upsetting of the rivet 3, 
the electrodes 5, 6 and the components 1, 2 can be 
moved in relation to one another in order, where required, 
to permit riveting in another position of the components 
1, 2 using a further rivet. 

[0027] \f t d ue t0 particularly unfavorable geometry and/or unfa- 
vorable dimensions there should still be a risk of cracking 
or of other undesirable effect on the material, the risk can 
be further reduced by using a protective component 10, in 
the form of a rivet washer 10, for example. As illustrated 
schematically in Fig. 1, the rivet washer 10 can be ar- 
ranged round the rivet 3, at the deformation end 9 of the 
rivet, and up against one of the components 1. In this 



way, in subsequent deformation of the rivet 3, direct con- 
tact between the hot deformed material of the rivet and 
the plate 1 will be prevented. This advantageously causes 
the greatest temperature gradient to be between the rivet 
3 and the rivet washer 10, rather than between the rivet 3 
and the plate 1. 

[0028] The fastener 3 illustrated in Figs. 1, 2 and 3 may be de- 
signed in a number of different ways without departing 
from the scope of the invention. Although the fastener 3 
in the example described above has an elongate section 
11 with circular cross-section and a head 12 at one end 8, 
other embodiments of the fastener are possible. For ex- 
ample, the head 12 might be eliminated even though this 
in turn requires more advanced riveting equipment in or- 
der to control the deformation of the rivet. Should the 
rivet 3 be provided with a head, this may be designed 
both for flush riveting and raised riveting. Three examples 
of different rivets 3a, 3b, 3c having different types of 
heads 12, 12b, 12c are illustrated in Fig. 4, of which one 
rivet 3b is designed for flush riveting. 

[0029] other conventional equipment can naturally also be used 
in the performance of, or together with the present inven- 
tive method. For example, equipment for pressing the 



plates together during the riveting operation may be used 
if so required. 

[0030] The piercing of holes in the components 1, 2, required for 
tying them together can be performed by conventional 
methods such as drilling, spark erosion or water cutting. 
The shape and size of the holes and the shape and size of 
the rivet are matched to one another so that the desired 
riveted connection can be achieved by deformation of the 
rivet when placed in the holes. Holes and rivets of circular 
cross-section with substantially the same diameter are 
preferably used, but it is also possible to use rivets of dif- 
ferent cross-sectional shape. 

[0031] Piercing can be performed simultaneously for the compo- 
nents to be tied, or separately for each component. In or- 
der to facilitate joining of the components in a subse- 
quent treatment of the components, a layer of material, 
such as a soldering foil (not shown) can be arranged be- 
tween the components before or after piercing the holes. 
The soldering foil is then used for soldering the compo- 
nents together. By soldering the components together it is 
possible to obtain a permanent product having a consid- 
erably higher load transmission capacity compared to the 
temporary product simply riveted together. 



[0032] | t should also be added that multiple rivets can be riveted 
essentially simultaneously through the use of more than 
one pressure loading tool, or one pressure loading tool 
that can be applied to a number of rivets at a time; for ex- 
ample, one tool having more than one pair of electrodes. 

[0033] The method according to the invention is particularly 

well-suited to tying brittle materials together, such as in- 
termetallic alloys, and rivets of a material from the group 
of intermetallic alloys are preferably used for this pur- 
pose. Examples of alloys in the intermetallic alloys cate- 
gory are TiAl, NiAl and FeAI. Experiments aimed at manu- 
facturing products suitable for use in the aircraft industry 
using the method according to the invention have suc- 
cessfully been carried out. For example, the method has 
been applied to plates made of TiAl with a thickness of 1 
mm. Rivets made of TiAl are used for tying the plates to- 
gether and a soldering foil Ticuni 70 with a thickness of 
50 pirn for soldering the plates together after riveting. 

[0034] | t should be emphasized that the invention is not limited 
to embodiments of the invention described herein, but 
only by the claims. Given familiarity with the idea of the 
invention, a number of modifications within the scope of 
the invention will be obvious to a person skilled in the art. 



